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Longitudinal HIV-1 RNA Levels in a Cohort of

Homosexual Men
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Summary: HIV-1 RNA levels measured during early chronic infection strongly pre-
dict subsequent clinical events. In the short term, HIV-1 is in a steady state, but the
stability of viral levels over time is incompletely understood. We used reverse tran-
scriptase polymerase chain reaction (RT-PCR) to examine changes in serum HIV-1
RNA levels in 111 HIV-1-infected homosexual men during the period from 1982 to
1992 and their relation to clinical outcomes. HIV-1 RNA levels increased by a median
of 0.08 log,, copies/ml/year (p = .0001). HIV-1 RNA levels rose either gradually or
abruptly for the majority of subjects; 41% had no increase. Among subjects surviving
at least 8 years, HIV-1 RNA was stable during the first 4 years after seroconversion
(median, 0.00 log,, copies/ml/year), but rose in years five through eight (median, 0.06
log,, copies/ml/year; p = .04). The annual HIV-1 RNA level was more predictive of
AIDS (relative hazard [RH], 1.75 per 0.5 log difference; 95% confidence interval [CI],
1.38-2.21; likelihood ratio [LR], 26.2) than the initial level alone (RH, 1.39; 95% ClI,
1.10-1.76; LR, 8.5). We conclude that most HIV-1-infected persons lack a long-term
viral setpoint and that failure to account for evolution of the viral level can lead to
underestimation of the risk of progression. Key Words: Longitudinal HIV-1—RNA
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The amount of circulating HIV-1 is high during pri-
mary HIV-1 infection (1) but falls to lower levels during
ong-term infection (2). HIV-1 RNA levels measured
during early phases of long-term HIV-1 infection are
strong predictors of the AIDS incubation period (3,4),
with low levels defining persons with a high probability
of long-term AIDS-free survival. Higher HIV-1 RNA
evels predict an increased risk of AIDS and death, even
after the CD4* lymphocyte count is considered (2-5).

During long-term infection, HIV-1 RNA levels are in
“ashort-term steady state, the therapeutic perturbation of
which allows estimation of the HIV-1 replication rate
~ (6~7). The extent to which HIV-1 RNA levels exist in a
- long-term steady state (i.e., whether a true ‘‘viral set-
boint”” exists) is unclear. In a cross-sectional study,
) HIV-1 RNA levels were higher in persons with AIDS
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than in asymptomatic persons (8), but this difference
might simply reflect that the AIDS risk is greater in
persons with higher RNA levels. In a previous longitu-
dinal assessment of some subjects included in the present
study, HIV-1 RNA levels appeared relatively constant as
measured by a semiquantitative assay (2).

The patterns of HIV-1 RNA levels over time have
implications for HIV pathogenesis and for the frequency
with which HIV-1 RNA levels should be measured in the
clinical setting. To examine these patterns and their re-
lation to clinical outcomes, we used a sensitive quanti-
tative HIV-1 RNA assay to determine longitudinal
HIV-1 RNA levels in homosexual men enrolled in a
long-term cohort study.

METHODS

Subjects .

In 1982, 245 homosexual men were enrolled in a National Cancer
Institute—sponsored cohort of patients of primary care physicians
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in New York City or Washington, D.C. (9). Subjects were gen-
erally observed annually, except for 1983 when the Washington
subjects were not seen because of limited funding. Seroconver-
sion was determined as the midpoint between the last negative and
the first positive HIV-1 antibody test. For subjects who were sero-
positive on study entry in 1982, the seroconversion date was esti-
mated to be June 1, 1980 for subjects enrclled in New York City
and June 1, 1981 for subjects enrolled in Washington, D.C., on the
basis of available information regarding the HIV-1 epidemic in these
cities.

HIV-1 RNA measurements from two or more time points were avail-
able for 111 of the 131 men who were positive for antibodies to HIV-1
before 1992; 67 of the 111 subjects (60%) were HIV-1-seropositive at
study entry (1982); 31 (28%) seroconverted by 1983; and the remaining
13 (12%) seroconverted by 1986. The median age at seroconversion for
these 111 subjects was 33 years (interquartile range, 29-38 years). The
racial distribution was: white, 89.2%; black, 6.3%; Hispanic, 3.6%;
Asian, 0.9%. The median number of HIV-1 RNA measurements taken
was five (mean, 5.6 measurements; range, 2—11 measurements). During
1982 to 1992, 64 of the 111 subjects developed documented AIDS, and
65 died.

Laboratory Methods

Blood specimens were collected in offices of primary care physi-
cians and shipped to a central repository for later testing. Serum was
separated and frozen within 6 to 24 hours. We considered a serum
specimen positive for HIV-1 antibody if it was repeatedly reactive by
a commercially licensed HIV-1 enzyme immunoassay (EIA) and posi-
tive by HIV-1 Western blot (Cambridge Biotech, Rockville, MD,
U.S.A)) or radioimmunoassay (9).

We measured HIV-1 RNA levels from previously unthawed serum
specimens using the Amplicor HIV Monitor assay (Roche Molecular
Systems, Branchburg, NJ, U.S.A.). With this assay, a 142 base pair
sequence in the HIV-1 gag gene and an RNA quantitation standard are
reverse transcribed and amplified by polymerase chain reaction in a
single reaction using rTth DNA polymerase (10). Serial dilutions of the
target molecule and the quantitation standard permit measurement of
HIV-1 RNA, expressed as log,, HIV-1 RNA copies/ml, over a range of
2.30 to >6.00. HIV-1 RNA measurements <2.30 were assigned a value
of 2.00.

The total lymphocyte count was determined by a commercial labo-
ratory that performed an automated white blood cell count and a
manual differential count. The percentage of CD4* lymphocytes was
measured by flow cytometry using the whole blood lysate method (11)
or methods appropriate for frozen lymphocyte specimens (12). The
total CD4"* lymphocyte count was the product of the total lymphocyte
count and the percentage of CD4" lymphocytes.

Data Analysis

Slopes (annualized changes in HIV-1 RNA levels, CD4"* lympho-
cyte counts, and CD8* lymphocyte counts from the initial value) were
determined by the SAS GLM procedure (13). We used the t-test to
evaluate whether the mean slope for the population differed from 0.0
log,, HIV-1 RNA copies/ml/year (13), the Wilcoxon rank sum test to
compare slopes by length of survival, and the Wilcoxon signed rank
test to compare the early slopes to late slopes among 8-year survivors
(14). We assessed the relative hazard of AIDS (15) and death over the
years following seroconversion in proportional hazards models (16,17).

We treated age at seroconversion and the initial HIV-1 RNp leve]
fixed covariates; the annual CD4* lymphocyte count, annual Hyy
RNA level, and the use of antiretroviral therapy were treated 4 Iim-l
dependent covariates (18). Initiation of each nucleoside analogye W&
assumed to result in no more than 6 months of effective therapy, Su?
that the treatment covariate returned to “‘untreated”” 6 monghg 8ften
initiation of therapy or when treatment with a specific nucleosig, énaf .
logue was stopped. Models in which the assumed period of effectiye,
ness was longer (1 year or infinite) and a model that excluded therap
produced similar results for the effect of CD4* count and HIy.] RNX
levels.

RESULTS

Comparison of Serum and Plasma HIV-1 RNA
Levels

Although HIV-1 RNA levels are measured in plas.
ma for clinical purposes, we used serum specimeng
in this study because plasma was not collected during
all years of the study. To evaluate possible differences
in HIV-1 RNA levels measured in different types
of specimens, we compared levels from plasma (col-
lected in acid citrate dextrose tubes) and serum speci-
mens collected simultaneously in 1996. All samples were
measured in duplicate and the mean values for each in-
dividual were used to determine population means. Nine-
teen subjects had detectable virus in the plasma speci-
men, with a median variation for replicate measurements
of 0.15 log,, copies/ml in plasma and 0.19 log,, copies/
ml in serum. The mean HIV-1 RNA level was 4.23 log,
copies/ml in plasma and 4.11 log,, copies/ml in serum
(correlation coefficient, 0.95; p = .0001). Therefore, se-
rum measurements were only slightly lower than those
from plasma and the results were very highly correlated.

Individual Trajectories

We evaluated HIV-1 RNA levels in 111 subjects
for whom 2 or more measurements were available for
the period 1982 to 1992. Examination of this time period |
had several advantages: subjects who were HIV-1 serc-
positive at study entry were unlikely to have been in-
fected for a lengthy period; long-term follow-up was
possible for many subjects; and therapeutic regimens
producing sustained decreases in HIV-1 RNA levels
were not yet available. Review of individual trajectories
revealed several qualitative patterns (Fig. 1). Som®
subjects had a series of consistent measures compatible
with a steady-state viremia (Fig. 14, B), but for other
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FIG. 1. Longitudinal HIV-1 BNA levels (log,, HIV-1 RNA copies/ml) and CD4* lymphocyte counts in selected subjects, by year of
measurement. Observed patterns of HIV-1 RNA levels included: relatively flat (A} (slope, —0.01 log,, HIV-1 RNA copies/ml/year), and
(B) (slope, 0.03 log,, HIV-1 RNA copies/ml/year); gradually increasing (C) (slope, 0.13 log,, HIV-1 RNA copies/mi/year), and (D) (slope,
0.09 log,, HIV-1 RNA copies/ml/year); and abruptly increasing (E) (slope, 0.13 log;o HIV-1 RNA copies/mifyear) and (F) (slope, 0.30 log,,
HIV-1 RNA copies/ml/year). Subject A became seropositive for HIV-1 in 1984, subject F became seropositive for HIV-1 in 1985, and the
other 4 subjects were seropositive for HIV-1 on study entry in 1982. Asterisks indicate RNA; bullets indicate CD4.

subjects the HIV-1 RNA level increased over time. Distribution of HIV-1 RNA Slopes
Among subjects with increasing viral levels, the change

~ in HIV-1 RNA was often gradual (Fig. 1C, D), although Among 44 subjects with an observed date of serocon-
abrupt increases were observed in some subjects (Fig. version, the overall median annualized change in HIV-1
1E, F). RNA from the initial value (HIV-1 RNA slope) was 0.06
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log,, HIV-1 RNA copies/ml/year (mean, 0.15 log,, cop-
ies/ml/year; p = .001). With the inclusion of 67 subjects
with imputed dates of seroconversion (total subjects,
111) the median was 0.08 log,, HIV-1 RNA copies/m}/
year (Table 1); similar results were obtained when we
eliminated the first HIV-1 RNA measurement (to control
for the possibility that the initial level was obtained close
to the time of primary infection when viral levels tend to
be higher) for the seroconverters or for all 111 subjects.
In subsequent analysis, we present all measurements
from all 111 subjects except as indicated. Examining the
distribution of slopes (Fig. 2), 20 (18%) subjects had a
slope less than —0.1 log;, copies/ml/year, 26 (23%) had
a slope of 0.0, 33 (30%) had a slope of 0.1, 14 (13%) had
a slope of 0.2 and 18 (16%) had a slope of =0.3. Thus,
HIV-1 RNA levels rose for most subjects, although a
sizable minority either had no increase or had a decrease
over time. No correlation existed between the initial
HIV-1 RNA and HIV-1 RNA slope among all subjects or
among subjects with greater slopes.

We also examined slopes over shorter intervals, lim-
iting the analysis to persons surviving to the end of se-
lected time periods (Table 1). Among 98 subjects who
survived at least 4 years postseroconversion and had two
or more measurements during that period, the median
4-year slope was 0.06 copies/year (mean, 0.05 copies/
year). The median 6-year slope (n = 87) was also 0.06
copies/year (mean, 0.06 copies/year; p = .0l). There-
fore, during these relatively early periods, the HIV-1
RNA level was increasing for most subjects. The median

TABLE 1. HIV-1 RNA slope (annualized change in log,, HIV-1 RNA copies/ml) during
selected time periods after seroconversion in a cohort of HIV-1 -infected homosexual men,

T. R. O’BRIEN ET AL.

Numbor of Subjects
-4

—07 =06 -05 =04 =03 —02 —01 00 04 02 03 04 05 08 07 08 09 W gy

Annualized Change in HIV—1RNA (log10 copies/mi)

FIG. 2. Distribution of annualized change in log,o HIV-1 RN
level (slope) in 111 HIV-1-infected homosexual men. Slopes arg
presented to the nearest 0.1 log,, HIV-1 RNA copies/mi/year.

slope for 8 years, as well as for 10 years, was 0.05 log
copies/ml/year. The slopes for each interval differed sig-
nificantly from zero, with the exception of the 4-year |
period.

To examine whether slopes were constant over time
for longer-term survivors, we compared early and late
period values for 8-year survivors with at least 2 mea-
surements during each period (Table 1). The median was ;
0.00 log,, copies/ml/year during the first 4 years after :
seroconversion and 0.06 log;, copies/ml/year during
years five through eight (p = .04). Therefore, for longer- §
term survivors, slopes tended to be flat for several years
before beginning to rise.

19821992
HIV-1 RNA slope
No. of

Years  subjects 25th%  SOth%  75th%  Mean  p Value®  p Value”
All 111 -0.01 0.08 0.17 0.10 .0001
1-4 98 -0.14 0.06 0.22 0.05 2
1-6 87 -0.07 0.06 0.17 0.06 .01
1-8 62 -0.04 0.05 0.12 0.06 .0c4
1-10 43 -0.04 0.05 0.10 0.04 .02
8-Year survivors

14 53 -0.23 0.00 0.14 -0.05 2 .04

5-8 53 -0.05 0.06 0.23 0.08 .08
Slope in Years 1-4, by years of survival

=6 82 -0.17 0.05 0.20 0.03 5

4-6 16 -0.06 0.14 0.32 0.16 1 2
Slope in Years 1-6, by years of survival

=8 60 -0.09 0.02 0.15 0.03 3

6-8 27 0.00 0.13 0.31 0.13 .01 .03

Date of HIV-1 seroconversion was based on last negative and first positive HIV-1 antibody
tests for seroconverters and imputed for subjects whose serum had antibodies.to HIV-1 at

study entry in 1982.

“ Compared with mean slope of 0.0 log;o HIV-1 RNA copies/ml/year.
b Compares slopes by period of observation or by length of survival of the subjects.
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Longltudmal HIV-1 RNA Levels and Clinical
Outcomes

As one measure of the relation between HIV-1 RNA
ope and clinical outcome, we compared slopes of sub-
octs with different lengths of survival (Table 1). The
edian 4-year slope was 0.05 log,, HIV-1 RNA copies/
ml/year among 6-year survivors and 0.14 copies/year
ong subjects who survived 4, but not 6 years (p = .2).
e median 6-year slope was 0.02 copies/year among
-year SUIVIVOIS, compared with 0.13 log,, HIV-1 RNA
opies/year among subjects who survived 6 years but not
years (p = 03).
To examine further the association between HIV-1
RNA increases and clinical outcomes, we determined the
982 to 1986 HIV-1 RNA slope for 43 subjects who
ere infected before study entry (1982), but remained
ee of AIDS through 1986 (Table 2). The initial HIV-1
RNA level was a stronger predictor of post-1986 AIDS
sk than the slope, but the risk of AIDS increased 37%
r each 0.10 log;, HIV-1 RNA copies/year increase.
imilarly, the post-1986 mortality risk increased 25% for
:h 0.10 log,, copies/year increase.
_The rate of CD4" lymphocyte depletion in the cohort
mean, 64 cells/mm>/year; median, 53 cells/mm>/year)
as correlated with the RNA slope with a correlation
efficient (R) of —=0.26 (p = .006). This correlation was
lightly stronger when the square root transformation of
e CD4" lymphocyte count, which tends to linearize
hanges, was used (R = -0.31, p = .001). The rate of
D8* lymphocyte depletion (mean, 17 cells/mm>/year;
edian, 3 cells/mm>/year) was not significantly corre-
d with HIV-1 RNA slope (R = -0.13; p = .2) and
d not differ with the square root transformation.
Because increasing HIV-1 RNA levels were associ-
ed with a poorer prognosis, we created time-dependent
~covariate models to compare the predictive value of an-
ual HIV-1 RNA measurements to that of the initial
easurement alone (Table 3). Model A included annual
D4* lymphocyte counts only, whereas model B in-
uded the initial HIV-1 RNA level and annual CD4*

LONGITUDINAL HIV-1 RNA LEVELS
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lymphocyte counts. Consistent with previous studies,
model B predicted AIDS risk much better than model A
(p = .005, likelihood ratio [LR] test). However, model C
(annual measurements of both CD4™ lymphocytes and
HIV-1 RNA levels) was more predictive of AIDS risk
than model B (p = .0001, LR test) and produced a higher
HIV-1 RNA-specific relative hazard. Time-dependent
covariate models of the risk of death produced similar
results (data not presented). :

The substantive difference between models B and C
requires consideration of increasing HIV-1 RNA levels
over time. This difference may be appreciated by com-
paring the AIDS risk of a hypothetical person with an
HIV-1 RNA level of 4.0 log,, copies/ml at baseline and
a 5-year slope of 0.10 log,, HIV-1 RNA copies/year to a
person with 3.0 log,, copies/ml at baseline and a 5-year
slope of 0.00 log,, HIV-1 RNA copies/year. Five years
after the initial measurement, the first person would have
a 2.0-fold greater risk of developing AIDS than the sec-
ond person under model B, but a 5.2-fold greater risk
under model C. Failure to account for evolution of the
viral level would lead to underestimation of the indi-
vidual risk of progression.

DISCUSSION

In this cohort of HIV-1-infected homosexual men, se-
rum HIV-1 RNA measurements in specimens collected
between 1982 and 1992 displayed a range of patterns.
Although many subjects had little or no increase in the
HIV-1 RNA level, the overall median increase was 0.08
log,, copies/year. For many subjects, the HIV-1 RNA
level increased during the first 4 years of infection, but
for longer-term survivors, increases tended to occur later.
Although in some cases the HIV-1 RNA level increased
abruptly, for many subjects the increase was gradual.
Our data indicate, therefore, that a long-term steady-state
viremia does not exist for most HIV-1-infected individu-
als.

During the short-term steady state, HIV-1 production

TABLE 2. Unadjusted and adjusted relative hazards (RH) and 95% confidence intervals (95% CI) of developing AIDS or dying after 1986, by
. initial HIV-1 RNA measurement and HIV-1 RNA slope during 19821986

AIDS (n = 43) Death (n = 54)

RH (95% CI) Adjusted RH (95% CD* RH (95% CD) Adjusted RH (95% CI)*

- Initial HIV-1 RNA (per 0.5 log)
-1 RNA slope (per 0.1 log/year)

1.94 (1.43-2.67)
1.11 (0.91-1.35)

2.32(1.63-3.30)
1.37 (1.08-1.73)

1.63 (1.24-2.15)
1.12 (0.94-1.33)

1.79 (1.36-2.34)
1.25 (1.02-1.52)

SUbjects were HIV-1-infected before entry into the study in 1982.
“Based on a multivariate mode! that included initial HIV-1 RNA (log,, copies/ml), HIV-1 RNA slope (annuahzed change in HIV-1 RNA), and
388 as continuous variables.
€L, confidence interval; RH, relative hazard.
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TABLE 3. Time-dependent analysis of adjusted relative hazard (RH) of AIDS, 1982-1992

Likelihood
RH (95% CI) ratio? p Value

Model B

HIV-1 RNA (initial) (per 0.5 log difference)  1.39 (1.10-1.76) 8.5 .005

CD4* count (annual) (per 50-cell difference)  1.25 (1.16-1.34)

Antiretroviral therapy” 0.62 (0.21-1.78)
Model C

HIV-1 RNA (annual) (per 0.5 log difference) 1.75 (1.38-2.21) 26.2 .0001

CD4* count (annual) (per 50-cell difference)

Antiretroviral therapy®

1.17 (1.09-1.26)
0.55 (0.19-1.57)

“ Likelihood ratio and p value compare model B or model C to a model A (data not
presented) that includes annual CD4* lymphocyte count and antiretroviral therapy only. All

3 models include age at seroconversion.

® Forty-six subjects received nucleoside analogue monotherapy during the period of analy-

sis.

Cl, confidence interval; RH, relative hazard.

and clearance are balanced by mechanisms that are in-
completely understood (19). Our observations demon-
strate that this quasi steady state changes over time,
presumably because viral production increases or viral
clearance decreases. Although CD4* lymphocytes are
depleted during the course of infection, HIV-1 pro-
duction might increase if the number of activated CD4*
lymphocytes, the source of most replication, increase
or if the number of virions produced per infected
CD4* lymphocyte increase. Viral production by other
HIV-1-infected cell populations (e.g., macrophages) also
might increase with time, although if HIV-1 replication
in these cells accounts for <1% of the HIV-1 found in
peripheral blood (20), this source alone could not explain
the increases in HIV-1 RNA that we observed. Alterna-
tively, our observations could reflect the immune sys-
tem’s declining ability to clear virus. Recent studies,
however, found no relation between a person’s CD4
count and their rate of viral clearance (6,20). Clearly,
these basic questions of HIV-1 pathogenesis deserve
further study.

We and others have previously shown that a single
HIV-1 RNA measurement from early in the course of
infection strongly predicts the risk of AIDS and death
(2—4). QOur present study demonstrates that annually
measured HIV-1 RNA levels predict AIDS risk better
than an initial level alone. Estimates of absolute AIDS
risk based on a single determination of the HIV-1 RNA
level and of the CD4™ lymphocyte count have been pro-
posed (21). Our findings do not invalidate these esti-
mates, but rather indicate that increasing HIV-1 RNA
levels, as well as decreasing CD4" lymphocyte counts,
may cause an individual’s prognosis to worsen over time.
Patients who choose to delay receiving antiretroviral
therapies should have regular prognostic assessments

based on current HIV-1 RNA and CD4* lymphocyte
measurements.

An earlier analysis of HIV-1 RNA in this cohort re-
vealed less evidence that levels increase with time (2),
The difference between the results of that study and the
present one likely reflects better sensitivity and precision
of the assay used in the current study. As the Monitor |
assay measures HIV-1 RNA on a continuous scale with
an analytic sensitivity of 2.30 log,o HIV-1 RNA copies/
ml, almost all measurements were now quantifiable.

Some potential limitations of our study should be con-
sidered. We measured HIV-1 RNA levels in serum speci-
mens rather than plasma because the latter was not col-
lected at each study visit. Our comparison data indicated,
however, that serum levels are only slightly lower than
plasma levels and that the results are highly correlated.
We included subjects with imputed seroconversion dates
in the analysis to increase its statistical power and the
length of follow-up. The rate of HIV-1 RNA increase
was similar among observed seroconverters and subjects
with imputed dates. Therefore, neither the use of serum
nor the inclusion of subjects with imputed dates of se-
roconversion is likely to have qualitatively altered our
results.

Although our period of analysis ended before highly
effective antiretroviral regimens became available, 52
(47%) subjects received monotherapy with a nucleoside
analogue during the latter part of this analysis. Becausé
such therapy temporarily decreases HIV-1 RNA levels
by about 0.5 log,, copies/ml (22), we likely underesti-
mated the true HIV-1 RNA slope for some subjects and
the difference in HIV-1 RNA slope over time in longer-
term survivors. Use of antiretroviral therapy may ¥
plain, at least in part, why some subjects had negative
HIV-1 RNA slopes.

Journal of Acquired Immune Deficiency Syndromes and Human Retrovirology, Vol. 18, No. 2, June 1, 1998




phocyte
@

=
s Tohort re-
e time (2),
18y and the
\Eprecision
hg Monitor
s 8cale with
NEA copies/
giable.

%d be con-
eEim speci-
v& not col-
adndicated,
fower than
Zbrrelated.
a;%ion dates
v;c__’r and the
[ & increase
nd subjects
se of serum
Jates of se-
altered our

fore highly

Acknowledgments: We thank Myhanh Dotrang and Phil
yirgo for computer programming; Violet Devairakkam for
overseeing specimen shipments; Ginga Colclough and Sue Fel-
on for study management; David Waters and Wendell J. Miley
for performing HIV-1 RNA measurements; Mark Feinberg for
roviding comments on the manuscript; Richard DiGioia, Ro-
qald Grossman, and William Sanchez for their continued sup-
port of the study; and the study participants.

REFERENCES

. Daar ES, Moudgil T, Meyer RD, Ho DD. Transient high levels of
viremia in patients with primary human immunodeficiency virus
type 1 infection. N Engl J Med 1991;324:961-4.

_ Henrard DR, Phillips JF, Muenz LR, et al. Natural history of
HIV-1 cell-free viremia. JAMA 1995;274:554-8.

_ O’Brien TR, Blattner WA, Waters D, et al. Serum HIV-1 RNA
levels and time to. development of AIDS in the Multicenter He-
mophilia Cohort Study. JAMA 1996;276:105-10.

_ Mellors JW, Kingsley LA, Rinaldo CR, et al. Quantitation of
HIV-1 RNA in plasma predicts outcome after seroconversion. Ann
- Intern Med 1995;122:573-9.

. Mellors JW, Rinaldo CR Jr, Gupta P, White RM, Todd JA, Kings-
ley LA. Prognosis in HIV-1 infection predicted by quantity of virus
in plasma. Science 1996;272:1167-70.

. Ho DD, Neuman AU, Perelson AS, Chen W, Leonard JM,
Markowitz M. Rapid turnover of plasma virions and CD4 lympho-
cytes in HIV-1 infection. Nature 1995;373:123-6.

Wei X, Ghosh SK, Taylor ME, et al. Viral dynamics in human
immunodeficiency virus type 1 infection. Nature 1995;373:117—
22.

Piatak Jr. M, Saag MS, Yang LC, et al. High levels of HIV-1 in
plasma during all stages of infection determined by competitive
- PCR. Science 1993;259:1749-54.

. Goedert JJ, Biggar RJ, Melbye M, et al. Effect of T 4 count and
cofactors on the incidence of AIDS in homosexual men infected
with human immunodeficiency virus. JAMA 1987;257:331-4.

railable, 52 b

nucleoside
is. Because
RNA levels
7 underesti-
ubjects and
e in longet-
)y may €%
ad negative

Journal of Acquired Immune Deficiency Syndromes and Human Retrovirology, Vol. 18, No. 2, June 1, 1998

LONGITUDINAL HIV-1 RNA LEVELS 161

10.

11.

12.

13.
14,

15.

16.
17.

18.

19.

20.

21.

22.

Mulder J, McKinney N, Christopherson C, Sninsky J, Greenfield
L, Kwok S. Rapid and simple PCR assay for quantitation of human
immunodeficiency virus type I RNA in plasma: application to
acute retroviral infection. J Clin Microbiol 1994;32:292-300.
Tollerud DJ, Brown LM, Clark JW, et al. Cryopreservation and
long-term liquid nitrogen storage of peripheral blood mononuclear
cells for flow cytometry analysis: effects on cell subset proportions
and fluorescence intensity. J Clin Lab Anal 1991;5:255-61. ,
Fletcher MA, Baron GC, Ashman MR, Fischl MA, Klimas NG.
Use of whole blood methods in assessment of immune parameters
in immunodeficiency states. Diagn Clin Immunol 1987;5:69-81.
SAS Institute Inc. SAS users guide: statistics, V.5. Cary, NC: SAS .
Institute, 1985:420-2. .

Armitage P. Statistical methods in medical research. Oxford:
Blackwell Scientific Publications, 1971:397-8.

Centers for Disease Control and Prevention. Revision of the CDC
surveillance case definition for acquired immunodeficiency syn-
drome. MMWR Morbid Mortal Wkly Rep 1987;36(Suppl 1S):15-
158.

Cox DR. Regression models and life-tables [with discussion]. J
Royal Stat Soc, Series B. 1972;34:187-230.

SAS Institute. SAS/STAT software: the PHREG procedure. Cary,
NC: SAS Institute, 1991.

SAS Institute. SAS technical report P-229: SAS/STAT software:
changes and enhancements, Release 6.07. Cary, NC: SAS Insti-
tute, 1992,

Feinberg MB, McLean AR. AIDS: decline and fall of immune
surveillance. Curr Biol 1997;7:R136-40.

Perelson AS, Neumann AU, Markowitz M, Leonard JM, Ho DD.
HIV-1 dynamics in vivo: virion clearance rate, infected cell life-
span, and viral generation time. Science 1996;271:1582-6.
Mellors JW, Munoz A, Giorgi IV, et al. Plasma viral load and
CD4* lymphocytes as prognostic markers of HIV-1 infection. Ann
Intern Med 1997;126:946-54.

Katzenstein DA, Hammer SM, Hughes MD, et al. The relation of
virologic and immunologic markers to clinical outcomes after
nucleoside therapy in HIV-infected adults with 200 to 500 CD4
cells per cubic millimeter. N Engl J Med 1996;335:1091-8.




